Existing activity-based models still make assumptions about scheduling decision processes that are not well-informed by empirical evidence. In this paper, a step forward is taken to better understand the activity-scheduling process and to improve activity-based models. In particular, different planning decision mechanisms depending on several activity type classifications are explored.
INTRODUCTION
Several sequential models that explicitly address the process of scheduling behaviour have been developed. Some of them are SCHEDULER (Gärling et al., 1994) , AMOS (Pendyala et al., 1995 (Pendyala et al., , 1998 , SMASH (Ettema et al., 1994 (Ettema et al., , 2000 , PCATS (Kitamura et al., 1996) , GISICAS (Kwan, 1997) , ALBATROSS (Arentze and Timmermans, 2000) , AURORA Joh et al., 2003 Joh et al., , 2004 , TASHA (Miller and Roorda, 2003) , FAMOS (Pendyala et al., 2005) and FEATHERS (Arentze et al, 2006) . Recent advances in household activity models considering the scheduling process can be found in Timmermans and Zhang (2009) . Many of the models currently in operation were created using activity pattern data from travel surveys, resulting in a need to make assumptions about the underlying activity scheduling process.
TASHA, for example, makes assumptions for various components of activity scheduling, including the following:
 TASHA assumes a priority-based procedure for generating activities, in which the order of activity types to be inserted into a person's activity schedule is deterministic (work, school, joint social/recreation/personal business, joint shopping, individual social/recreation/personal business, and finally individual shopping). While there is some empirical basis that this is on average the most likely order in which activities are inserted into the activity schedule , the assumption of determinism is too strong. The degree of preplanning and the likelihood of rescheduling of activities of all types are potentially better represented stochastically.  Because no data are collected for in-home activities in the underlying travel survey data, TASHA does not attempt to distinguish between in-home activity types, even though there may be significant substitution effects between some types of in-home activities and out-of-home activities that require travel.  The frequency of joint activities (activities conducted with others) is assumed to be independent of the frequency of individual activities. These activities could well be subject to substitution effects as well.
Similarly, ALBATROSS has a scheduling agent, which can only test the outcome of the scheduling process, and relies on a priori assumptions because process information was not available (Timmermans, 2001 ).
Currently, data describing specific aspects of the activity scheduling process are available. Following the seminal attempts by Hayes-Roth and Hayes-Roth (1979) using a verbal protocol, Ettema et al. (1994) developed Magic, a computer programme for self completion of activity (re-)scheduling tasks. Doherty and Miller (2000) developed CHASE, a computeraided self-interview of activity scheduling for households, allowing users to record their scheduling decisions over a multi-day period. Other similar software running on the Internet or on handheld computers, were used by Lee et al. (2000) , Lee and McNally (2001) and Rindsfüser et al. (2003) . Ruiz (2005) used the Internet as the only tool to collect data on the activity scheduling process. The Toronto Activity Panel Survey used several methods to collect activity scheduling data, including CHASE in the first survey wave. Bellemans et al. (2008) and Clark and Doherty (in press a) used GPS data to automatically track activity rescheduling decisions. Hato (2010) recently developed a small, portable travel-activity measuring instrument that requires no entry from respondents.
First steps towards a deeper comprehension of the activity scheduling process have been recently taken through empirical analysis of the available data. Ruiz et al. (2005) , Ruiz and Timmermans (2006) and Auld et al. (2008) studied resolution of activity scheduling conflicts. Mohammadian and Doherty (2005) , Doherty (2005) , Lee and McNally (2006) , Mohammadian and Doherty (2006) van Bladel et al. (2009) and Akar et al. (2009) analyzed activity scheduling time horizon. Clark and Doherty (in press b) also studied time horizon and the impact of a single decision on the rest of the schedule. Kang et al (2009) studied activity priority during the scheduling process.
Finally, some studies have analyzed several facets of the activity scheduling process, or even global scheduling adjustment Joh, Doherty and Polak, 2005) . In particular, Doherty (2006) found that activity types with similar spatial/temporal/interpersonal flexibility do not share stable attributes (frequency, duration, involved persons, travel time, and location). These results suggest that traditional activity type classifications cannot be used as the only means to explain when and how activity patterns are formed. It is necessary to consider other attributes as well, which may serve to better explain how and why travel behavior is subsequently structured and executed. In the same line, empirical analysis carried out by Doherty and Mohammadian (2007) clearly does not support the assumption that activities are planned in accordance to a fixed hierarchy of activity types. In this study, duration proved to be the most significant activity characteristic when explaining how activity-travel tours are planned. But Clark and Doherty (2008) have recently found that activity type is the most often preplanned activity attribute, followed by location, start time, involved persons, and end time. For trips, the mode type and start time are most often planned first, followed by involved persons and end time. Ruiz and Roorda (2008) studied several decisions during the activity scheduling process including location, time horizon, activity modification and with whom. They found that characteristics of the observed schedule and activities have the greatest influence over scheduling decisions. Several significant correlations among activity scheduling decisions were also identified. Scheduling activity types have recently been modelled together in a study of activity-agenda formation (Habib and Miller, 2009 ).
The diversity of results obtained so far indicates that there is a need to continue studying the role of activity type classification in the activity scheduling process. In this research we postulate that different types of activities follow different mechanisms underlying the scheduling decision process. The type of activity itself has a significant influence on several characteristics of this process. If this is true, when simulating this process there would be a need to consider different models for each activity type. We expect that in each model, different variables are significant in explaining the same scheduling decision. Our objective is to test this hypothesis using a rich dataset that allows us to study differences even among activity sub-types.
First, multivariate probit models are used to explore scheduling mechanisms underlying activity location choice, preplanning and rescheduling for several aggregate activity types. Then, sub-types of recreational/entertainment activities are analyzed in-depth to detect differences in scheduling decisions. It was possible to include in the latter analysis with whom information (whether or not activities are planned to be carried out with companions), because this planning decision was collected without misunderstanding for recreation/entertainment activities. But it was not feasible to analysis sub-types of other kinds of activities in depth because of sample size restrictions.
We consider that the activity scheduling decision process is defined as "the planning and execution of activity-related decisions over time" (Doherty, 2000) . The point of our modelling effort is to show that there are relationships between when an activity is planned, where it is planned, with whom it is planned, and the stability of the scheduled activity. We want to identify whether out of home activities, for example, are planned more in advance, or are harder to reschedule.
Location and with whom are two of the most important elements that are part of the scheduling process, and therefore our joint modelling approach tries to capture this. For location, the relationships between time and space in activity planning are well established (Hagerstrand's space-time prisms (1970) are the obvious example). Commitments to others (as represented in the "with whom" variable) surely influence the planning horizon and the difficulty of rescheduling. Additionally, planning to carry out an activity with other people requires joint scheduling decisions to make their agendas consistent (Arentze and Timmermans, 2009) , which justifies the need to study the with whom scheduling decision.
The paper is organised as follows. After this introduction the characteristics of the dataset used are presented. Then, results from the modelling exercises are analysed. The paper finishes with some conclusions and discussion.
DATA
The Travel Activity Panel Survey (TAPS) is an in-depth longitudinal survey of activity and travel scheduling processes, undertaken on an initial random sample of 270 households in Toronto and 250 households in Quebec City, Canada (Doherty et al, 2004; . The TAPS survey consisted of three waves, each of which focussed on different elements of the activity scheduling process. The data used in this study comes from the first wave of Toronto sample. A computerized activity scheduling survey instrument, entitled CHASE © (Computerized Household Activity Schedule Elicitor), which was first developed by Doherty and Miller (2000) were used to collect the data. Each household in the sample was provided, for one week, a notebook computer with the CHASE software, which resembled a computerized day-timer. At the outset of the survey week, the household was interviewed to obtain socio-economic information, the software was customized for the family, and adult household members were asked to enter all activities that were already planned for the week. Each day, respondents were asked to update their activity diary with any new activities that had been planned, any plans for future activities that had changed, and any changes to activities done that day that were not executed as originally planned.
Several variables were collected for each activity that was entered or modified in the schedule. These variables included the activity type, location, start-time, and duration of the activity, the mode(s) of transportation used to get to the activity, the persons that were involved with the respondent on the activity, any children that were under the care of the respondent during the activity, and when the activity was originally planned. Activity types were collected by means of two classifications. Respondents were first asked to classify their activity in nine categories (aggregate classification), including basic needs, work/school, household obligations, drop-off/pick-up, shopping, services, recreation/entertainment, social, and other. Then, respondents were asked to define in detail the activity using their own words or selecting a pre-determined activity definition (disaggregate classification). Recreation/entertainment activities included: hobbies, exercise or active sports, spectator events/theatre, playing/parks, regular TV programs, unspecific TV, watching video, relaxing/napping/reading, email/internet and other recreation/entertainment.
For each planned activity, respondents were asked "When did you originally make the decision to add this activity ? (i.e . at what point were you relatively sure about when where and with whom this activity would take place)." The resulting responses were coded into the following general categories (see Clarke and Doherty (2008b) for more detail):
 Spontaneous  Planned on the same day  Planned days before  Planned weeks / months / years ago  Routine  Unknown / can't recall / missing
The purpose of this question was to ascertain the types of activities that form the "skeleton" of the schedule, or in other words, the part of the schedule that is routine or planned in advance and which therefore forms the spatio-temporal structure around which other more spontaneously planned activities are scheduled. For the analysis and discussion in this paper, these categories are aggregated into "preplanned activities" (including routine activities and those planned days/weeks/months/years ago), and "spontaneous" activities (including activities recorded as spontaneous and activities planned on the same day). As other dependent variables are binary, we simplified this one to have homogeneous categorizations of dependent variables and to avoid dimensionality problems with the four decision dimensions. (i.e. instead of 16 possible combinations (2x2x2x2) over the 4 binary dimensions, we would be dealing with 48 combinations (2x2x2x6) for each activity type without aggregation). There is a trade-off between the number of dimensions and the number of categories in each dimension, and we have opted to including more scheduling choice dimensions.
The CHASE survey also recorded any activity additions, modifications or deletions that are made to the schedule over the course of the week. Thus, it is possible with this data set to compare the attributes of activities that are executed as originally planned to those that are modified. This can indicate the degree of permanence associated with activities entered into the schedule. After data cleaning, the total number of activity records in the Toronto Wave 1 survey was 40055, including activity additions, modifications and deletions.
As shown in Table 1 , basic needs, household obligations and recreation/entertainment activities are more often planned to be carried out at home. The rest of types of activities are more likely to be planned for out-of-home locations.
All types of activities are more frequently executed as planned. Basic needs activities are least likely to be modified or deleted prior to their execution and work/school activities are most likely to be modified or deleted prior to their execution.
Basic needs, work/school and drop-off/pick-up activities are more often preplanned. Household obligations, services and recreation/entertainment activities are almost equally likely to be preplanned or as they are to be spontaneous. Other activity types are most often spontaneously planned.
Recreation/entertainment activities and household obligations are more frequently planned to be carried out alone. As expected, social activities are mostly planned with others. Basic needs activities are as likely to be planned to be performed alone or with others. As shown in Table 2 , exercise or active sports, attending events/theater and other recreation/entertainment activities are more frequently planned to be carried out out-of-home. The rest of recreation/entertainment activity sub-types are mostly planned to take place at home.
All sub-types of recreation/entertainment activities are more frequently executed as planned. However, some differences are evident. Activities related to watching regular or unspecific TV programs or video and email/Internet activities are much less often modified or deleted prior to execution than the other sub-types of recreation/entertainment activities.
Hobbies, exercise or active sports and attending events/theatre are typically preplanned. Playing/parks activities are almost equally preplanned or spontaneous. The rest of activity types are mostly spontaneously planned.
Hobbies, exercise or active sports, regular or unspecific TV programs, relaxing, napping, reading, emailing and internet are more frequently planned to be carried out alone. Spectator events, theatre, watching videos, and other recreation/entertainment are more often planned with other(s). Playing/parks activities are almost equally likely to be planned alone or with others. (*) Data about the "with whom" planning decision was only available for the following activities: Basic Needs out-of-home, Household Obligations out-of-home, and Recration/Entertainment and Social activities
ANALYSIS AND RESULTS
The objective of this analysis is to develop a set of models, one for each activity type, that describe differences in scheduling decisions. First, for aggregate activity types, three planning decisions are examined including location, time planning horizon and modification or deletion of activities during the scheduling process. Models for all aggregate activity types have been developed, but in this paper only models for basic needs, drop-off/pick-up, recreation/entertainment and social activities are included. These models display the most significant dissimilarities in the scheduling process. Then, the "with whom" planning decision is added in an in-depth analysis to confirm variations in the scheduling process among several sub-types of recreational/entertainment activities including exercise or active sports, regular TV programs, relaxing/napping/reading and email/internet. In the first analysis, the incidence of schedule decisions is described by a 3-binary element schedule decision vector, where the three elements represent whether the activity is carried out at home or out-of-home, spontaneously planned or preplanned, and modified/deleted prior to its execution or executed as planned, respectively. In the second analysis, the incidence of schedule decisions is described by a 4-binary element schedule decision vector, in which the additional element represents whether the activity is carried out alone or with other(s).
Using these characterizations of schedule decisions, we explore how the decisions are affected by a number of factors including characteristics of the household, features of the activities and socio-demographic characteristics of the individual respondent. The focus is on detecting different activity scheduling mechanisms for different activity types. The incidence of scheduling decisions is modeled using a multivariate probit (MVP) model. The MVP is a popular class of models particularly suitable for the analysis of correlated binary data (Greene, 2003) . In this class of models, the response is multivariate, correlated and discrete. Generally speaking, the MVP model assumes that given a set of explanatory variables the multivariate response is an indicator of the event that some unobserved latent continuous variable exceeds a threshold, which can be taken to be zero, without loss of generality. The latent continuous variable is assumed to arise from a multivariate normal distribution. The characteristics of this model fit well in this case. MVP models were used by the authors in similar research with different datasets and we obtained coherent results. The appeal of the probit model is that it relaxes the independence of the irrelevant alternatives (IIA) property assumed by the logit model. Model specification and results are discussed in more detail below.
Multivariate probit model of the incidence of schedule decision
The proposed model concentrates on describing the incidence of schedule decisions of different types. Thus, in the first analysis our interest is focused on whether or not the activity is planned to be carried out at home or out-of home, if the activity is preplanned or it is spontaneous, and whether or not the activity is modified or deleted prior to its execution during the scheduling process. In the second analysis we also included whether or not the activity is planned to be carried out with other(s). Each element in the schedule decision vector is recoded as a 0/1 dummy according to whether or not the corresponding schedule decision was made. This recoding of the schedule modification vector results in a dependent variable that has 2 3 = 8 distinct states in the first analysis, and 2 4 = 16 distinct states in the second analysis.
We assume that the unobservable propensity of an individual to make each of these scheduling decisions is systematically related to a set of explanatory variables, via a linear model. Corresponding to these underlying unobservables are the actual observations of whether or not decisions are in fact made. Thus we have, for each planned activity in the first analysis:
Where: PAH = unobservable propensity to realize activities at home, PPA = unobservable propensity to plan activities days/weeks/months in advance or to consider them as routine activities, PAP = unobservable propensity to realize activities as planned during the scheduling process.
In the second analysis we add:
Where: PWO = unobservable propensity to realize activities with other(s),
The quantities ATHOME, PREPLAN, ASPLANNED and WITHOTHE are discrete (0,1) variables indicating whether the activity is out-of home/at home, if the activity is spontaneous/preplanned, if the activity is modified or deleted/executed as planned, and the absence/presence of companion(s) during the activity, respectively. The quantities W, X, Y and Z are vectors of (potentially identical) exogenous variables and βi (i=1,…,3) (in the second analysis: βi (i=1,…,4)) are vectors of estimable parameters associated with the exogenous influences on the incidence of schedule decisions. The correlated error terms εi (i=1,…,3) (in the second analysis: εi (i=1,…,4)) are assumed to be drawn from a multivariate normal distribution with mean 0 and covariance matrix Σ . Since the observed data contain no information regarding the magnitude of the underlying propensities, the diagonal elements of Σ are normalized to unity; the off-diagonal elements of Σ enable the model to accommodate unobserved endogenous effects across the three (four) equations.
These multivariate probit (MVP) systems are simultaneously estimated using weighted leastsquare with mean and variance correction estimator (WLSMV). The WLSMV is robust against violation of multivariate normality (Greene, 2003) The model specifications are developed by testing the significance of the available socioeconomic variables of the respondents' households, several characteristics of the individuals and a number of attributes of the activities implicated in the scheduling decision process (Table 3) . Limdep v.4.0.1 was used to design the MVP models. We selected variables to be included in each model considering their importance outlined in previous research. Then we tested other variables to check their significance. Multicollinearity was easily detected when a new variable entered in the model was found to be statistically significant while one or more other variables already in the model lost their significance. Non-significant variables were not included in the model specification, because they often display non-structured variation, i.e. noise. Their removal will result in a more stable and robust model. Usually the prediction error decreases as well.
Different specifications of the covariance matrix are defined to test the existence of endogeneity among the dependent variables, which are defined in Table 4 . The estimated model parameters, correlation matrix and goodness-of-fit indices are summarized in Tables 5 and 6 . The results include for each explanatory variable: coefficient estimates, the ratio of the estimates to their standard errors, and the probability of obtaining a greater F statistic than that observed if the null hypothesis is true. The Est./S.E. column can be used to evaluate significance. If the absolute value of the number in this column is greater than 1.96 the estimate can be interpreted as significant at the 0.05 level. Positive coefficients indicate an increased probability of a particular scheduling decision.
Analysis for aggregate classification of activity types
Eight models were developed to analyze differences in how respondents make decisions during the activity scheduling process depending on the aggregate classification of activity type. In this paper only four models are presented which include the more statistically significant results obtained for activity types that have large sample sizes. The results are presented in Table 5 .
Global differences for each activity type are presented first. A detailed analysis follows, which focuses on those parameters that have different signs between models. Both are directly related to differences about how planning decisions are taken for each activity type. Finally, the modeling approach used allows us to study correlation among planning decisions, and how those correlations differ between activity types.
Estimation results: global differences
Significant differences are found in modeling results for each activity type and each planning decision. The location decision (ATHOME) for basic needs activities is explained in the model by five household characteristics and four features of the observed activities.
Respondents in 1 or 2-adult households with children and/or teens are more likely to plan basic needs activities at home than those in 1-adult household without children or teens.
The more teens in the household, the more likely it is that the basic needs activity is planned to be carried out at home. Arguably the presence of teens in the household requires adults to plan more attention to them.
Respondents who live in town houses have a higher tendency to plan basic needs activities at home compared with respondents who live in a single-detached houses.
The longer the respondent has lived in the region the more likely is that basic needs are planned to be carry out at home. This indicates that long-established families, often the elderly, are more home-oriented.
If a basic needs activity does not require travel it is highly likely to be at home, indicating that people tend to report consecutive basic needs activities at home. If it involves a transit trip, it is more likely to be planned at home compared with activities involving a drive trip. But if the respondent plans to use a non-motorized transportation mode, then it is less likely that the basic needs activity will be carried out at home. It may be easier to plan out-of-home basic needs activities when destination can be reach walking or biking.
The larger the number of activities planned per day, the less likely that basic needs activities are planned at home. In this case it is very likely that people are carrying out several activities out-of-home, so basic needs are being fit in as part of a tour of consecutive out-of-home activities.
The location decision model specification is similar for recreation/entertainment activities, for which location is mainly explained by household characteristics and features of the activities. It is interesting that for this model, the later the activity start time, the more likely it is to be planned at home. Shorter duration activities are more likely to be done at home as well. Household structure variables are somewhat mixed, but do indicate that households with children are more likely to stay at home, and that the number of teenagers has a further positive influence on staying home.
The model specifications for drop-off/pick-up and social models are different in the sense that they also include attributes of the individual respondents. These models are based on fewer observations of at-home activities (especially the drop-off/pick-up model) which probably explains the smaller number of statistically significant variables. It is noted that we did not begin the modeling exercise with very strong a priori expectations about many of the relationships in this set of models, however, none of the implied behavioral relationships appear to be implausible. For the sake of brevity, the results of other models are not described in as much detail.
Similar results are found to explain the planning time horizon (PREPLAN): basic needs and recreation/entertainment activities are mainly explained by household characteristics and features of the activities. In this case, drop-off/pick-up activities are only related to household and individual characteristics. The planning time horizon of social activities is explained by individual characteristics and features of the activities.
Finally, whether or not the planned activity is executed as planned without modification or deletion (ASPLANNED) is mainly explained by household characteristics and features of the activities for recreation/entertainment activities. Individual characteristics are more important to explain this planning decision if it is a drop-off/pick-up activity. Social activities are more explained by household and individual characteristics. Regarding basic needs, a combination of variables are significant in explaining this decision.
Planning of recreation/entertainment activities is mainly related to household and activity variables. Almost no individual variable is significant in this model. As many activities of this type are planned to be carried out with others, it is logical that the type and number of family members are influencing this scheduling decision. Family members are usually the companions in recreation/entertainment activities, or are conditioning where the activity is planned or whether it is modified or not prior to its execution.
Planning of basic needs activities is explained by household and activity variables and to a lesser extent by individual variables. The importance of household characteristics in planning this type of activity is related to the fact that many are planned to be carried out at home, so again the type and number of family members are influencing this scheduling decision.
In contrast, planning of social activities is related to individual and activity variables, and to a lesser extent to household characteristics. This indicates that many social activities are planned to be carried out with non-family members. This explains the lower importance of household characteristics in this scheduling decision. Finally, planning drop-off/pick-up activities depends on a combination of explanatory variables.
Estimation results: differences in parameter signs
Different types of activities are planned in different ways. First, it is clear from Table 5 that different model specifications result for each of the activity types. In each of the models, different variables enter significantly with respect to location, when the activity is planned and whether activities are executed as planned. For the sake of brevity we focus our analysis on those parameters that are significant in corresponding models for different activity types, but exhibit different signs (shaded cells in Table 5 ). We consider these to be the most important behavioural differences that arise from this analysis.
Planning decisions related to activity location are different for basic needs and recreation/entertainment activities in 1-adults households with children or children+teens. Basic needs related activities are more likely to be planned at home while recreation/entertainment related activities are more likely to be planned out-of-home for these respondents. As explained before, it is very reasonable that the presence of teens obliges adults to pay more attention to them at home, but the teenage years are perhaps the age in which people tend to carry out most of their leisure activities out-of-home, influencing the rest of the family members.
Respondents decide at different times to carry out drop-off/pick-up, recreation/entertainment and social activities. Those living in 1-adult households with children or children+teens are more likely to plan drop-off/pick-up activities on the same day or spontaneously. But recreation/entertainment activities are more likely to be preplanned for such respondents. So planning the latter type of activities requires more coordination among family members than drop-off/pick-up.
High duration drop-off/pick-up activities are more likely to be planned on the same day or spontaneously as well. On the contrary, high duration social activities tend to be preplanned. The longer the trip duration to the drop-off/pick-up activity the more likely it is planned on the same day or spontaneously. However, in similar circumstances social activities are more likely to be preplanned. These results may be explained because social activities require more coordination among participants as well, regardless of the duration of the activity or the associated travel.
Finally, the extent to which activities are executed as planned is different for basic needs, drop-off/pick-up and social activities. Respondents who own their house are more likely to execute basic needs activities as planned. However, home owners tend to modify or delete their drop-off/pick-up activities prior to their execution. Perhaps because planning dropoff/pick-up activities always relies on another person and most of basic needs are carried out alone. Adults in partnership are more likely to modify/delete drop-off/pick-up activities than single adults, quite possibly because the responsibilities can be transferred to the partner. Such respondents, however, present a higher tendency to execute social activities as planned, potentially because the partner can take on other unexpected conflicting obligations that arise.
Basic needs activities starting in the afternoon or at night are more likely to be modified or deleted prior to their execution than the same type of activity starting in the morning. We believe this is because the morning tends to be more routine and future potentially conflicting activities arise at this time of day. On the other hand, drop-off/pick-up activities starting in the afternoon or at night have a higher tendency to be executed as planned than their morning counterparts. Drop-off/pick-up activities at night are planned more spontaneously and this results in less opportunity for modification, whereas drop-off/pick-up in the morning is preplanned and can be affected by later modification.
Estimation results: correlation among planning decisions
There is a significant positive correlation in the error terms between planning basic needs activities at home and planning them in advance or consider them as routine activities. This is very reasonable: most basic needs activities that are planned to be carried out at home are routine (sleeping, having breakfast, etc.). However, the correlation between these two planning decisions is negative for drop-off/pick-up, recreation/entertainment or social activities, indicating that if they are planned to be carried out at home, they are more likely to be spontaneous or planned on the same day. This indicates that the home is available as a venue for such activities without the necessary preplanning associated with accessing other facilities or other people's homes. Error term correlations between location and activity rescheduling are generally less significant. However, there are strong, consistent and sensible negative correlations between preplanning and activity rescheduling. The earlier an activity is planned, the more opportunity there is to reschedule that activity.
3.3. Analysis for disaggregate classification of recreation/entertainment activities Four models were developed using disaggregate data for the following subtypes of recreation/entertainment activities: exercise or active sports, regular TV programs, relaxing/napping/reading and email/internet. These models are presented in Table 6 . In addition to the location, planning horizon and whether activities were executed as planned, "with whom" information was also used as a dependent variable because this data was collected without any misunderstanding for recreation/entertainment activities.
Similar to the previous analysis, global differences for each activity sub-type are presented first. Then, a detailed analysis follows, which focuses on those parameters that have different signs between models. Finally, correlations among planning decisions are presented.
Estimation results: global differences
Again, significant differences in model results are apparent for each activity sub-type and each planning decision. Decisions of whether to engage in relaxing/napping/reading activities with other people (WITHOTHE) are mostly explained by household characteristics. Planning to watch regular TV programs depends on both household and individual characteristics. A combination of household, individual and activity attributes is significant in models for exercise or active sports and email/internet related activities. These differences could be explained considering that planning relaxing/napping/reading activities to be carried out alone or with companions depends to a greater extent on the number and type of members in the household. On the other hand, the rest of the subtypes of recreation/entertainment activities rely more on the individual's preferences, hobbies, etc.
Whether or not the activity is executed as planned depends mainly on household characteristics if the activity is exercise/active sports or email/internet. Other explanatory variables also influence this decision, but are less important. In the case of watching regular TV programs, individual and activity characteristics affect the decision of modifying/deleting the planned activity prior to its execution. Most activities related to watching regular TV programs are planned to be carried out at home. Plausibly other factors related to the activity (timing) or the individual should explain this scheduling decision. For relaxing/napping/reading activities, this planning decision is explained mainly by household and activity characteristics. Again, number and type of family member may influence scheduling decisions related to relaxing/napping/reading activities. As suggested before, the presence of children may alter any planning related specially with at-home activities.
Relatively few variables are statistically significant to explain location decisions and the time horizon of planning. This is probably a result of the smaller sample sizes that are observed when dealing with detailed activity subtypes.
Estimation results: differences in parameter signs
The models in Table 6 show that different sub-types of recreation/entertainment activities are planned in different ways, as indicated by different parameter signs on the same explanatory variable. These differences are indicated with the shaded cells in Table 6 .
Decisions of whether activities are done with others are different for relaxing/napping/reading activities and for mail/internet activities. The parameter signs are opposite for the variable indicating a 2-adult household without children/teens. For respondents in such households, relaxing/napping/reading activities are more likely to be planned with others, while mail/internet activities have a higher tendency to be planned alone. Not surprisingly, 2-adult households do not find companionship by spending their time on email or internet, whereas they do for relaxing/napping/reading activities.
Respondents in households with a high number of adults plan with different time horizons relaxing/napping/reading activities and e-mail/internet related activities. The former are more likely to be planned on the same day or spontaneously, but these respondents present a higher tendency to preplan e-mail/internet related activities. The latter finding may be related to the increasing participation in electronic social networks, which frequently requires internet activities to be planned in advance with other network members. However, it is possible that household members are sharing the use of a computer, which would also require preplanning.
Whether activities are executed as planned varies among the four recreation/entertainment sub-types considered. Relaxing/napping/reading activities in the evening are more likely to be executed as planned than those in the morning. But other types of recreation/entertainment activities in the evening present a higher tendency to be modified than those in the morning. This could be explained considering that relaxing/napping/reading activities tend to be planned on the same day or spontaneously as explained previously. So their planning can be adapted to the activities and travels already done earlier in the day, requiring no modification prior to their execution. On the contrary, the rest of the recreation/entertainment activities tend to be preplanned more than relaxing/napping/reading, and it is more likely they have to be modified or deleted before execution because of unexpected changes in earlier activities and travels.
Longer duration relaxing/napping/reading activities are more likely to be modified or deleted prior to their execution. On the other hand, the longer the duration of the exercise or active sports, the more likely it is executed as planned. Again, we have other important finding that confirms the main hypothesis of this study: different activity types present different scheduling processes. Longer duration of activities is usually associated with more flexibility (Auld et al, 2008) . But a deeper analysis of subtypes of recreational/entertainment activities show us that long exercise or active sports tend to be executed as planned, because of a commitment to a team or a training schedule. If transit is planned to be used to go to a relaxing/napping/reading activities, there is a higher tendency to execute them as planned compared with driving a car. But if transit is planned to be used to go to an exercise or active sports activity, it is more likely that the activity is modified or deleted prior to execution. We have again that different activities (relaxing/napping/reading and exercise or active sports activity) in a similar context (planning to use transit) are scheduled in a different way. Although we have to consider here more information to explain the way they are scheduled: planning to use transit introduces a certain degree of flexibility, while planning long activities increases rigidity. This confirms results from Doherty (2006) and Doherty and Mohammadian (2007) .
Respondents with a greater number of activities per day have a higher tendency to modify or delete relaxing/napping/reading activities prior to their execution. However, if we consider watching regular TV programs in the same context, respondents are more likely to execute them as planned. In general, the more activities planned, the more likely it is that they are modified or deleted prior to their execution . But if one considers planning of watching regular TV programs, as this is usually spontaneously done, there is less chance to be modified or deleted.
CONCLUSIONS AND DISCUSSION
The results presented in this paper support the hypothesis that scheduling decisions per activity type follow different mechanisms. There does not seem to be a single set of variables that consistently explains scheduling behaviour across activity types either at the aggregate level or at the disaggregate level. Using a rich dataset the following activity planning decisions were studied: location, time horizon and the execution of activities as planned. This analysis was carried out separately by activity types. In general, basic needs activities are mainly influenced by household characteristics. On the other hand, recreation/entertainment and drop off/pick up activities are more related to individual and activity characteristics. A combination of factors influences social activities. Many different types of activities with similar household, individual or activity characteristics are planned in different ways.
To confirm the previous findings, additional analysis was conducted using only recreation/entertainment activity sub-types, and adds the "with whom" planning decision, which distinguishes whether activities are done alone or with others. Overall, relaxing/napping/reading activities and doing exercise or active sports depend largely on household characteristics. But watching regular TV programs is explained mainly by individual characteristics. Email/internet related activities are influenced by a combination of household, individual and activity characteristics. In this later case we also have found that many different sub-types of activities with similar household, individual or activity characteristics are planned in different ways.
These findings provide indications of how to improve the current generation of activity-travel scheduling models.  It is clear that a wide variety of detailed household, individual and activity attributes should be brought to bear when generating activity attributes, such as location, and whether activities are done alone. Activity scheduling models that rely on limited contextual information will miss many of these relationships.
 Many activity types and sub-types can be conducted either at-home or out-of-home and it is possible to relate these substitutions to explanatory variables. Activity scheduling models that do not specify the nature of at-home activities miss out on these substitution effects.  Activities conducted alone and joint activities of the same activity type are not planned independently, as is assumed in some activity scheduling models. Reflecting interdependencies in the generation of such related activities would be beneficial.  Activity scheduling models that insert activities deterministically in order of aggregate activity type could be improved by reflecting the scheduling process more stochastically. This analysis has shown that every activity type has a stochastic propensity to be preplanned, and thus has some probability to be included in the skeleton schedule and some probability to be inserted spontaneously into a highly-specified schedule just prior to execution. Ignoring this stochasticity may lead to inaccuracies in the activity patterns that emerge from the scheduling process.  The incidence of scheduling modifications can be at least partially explained by explanatory variables. Direct simulation of the incidence of activity modifications/deletions in the process of scheduling would not be consistent with the philosophy of most activity scheduling models (TASHA for example uses a process of activity insertion that assumes deterministic rules for activity modification/deletion for specific types of scheduling conflict). However, some validation could be done using the models developed here to assess the quality of these rules, and whether some degree of stochasticity might be warranted.  There is clear heterogeneity in the decision processes for different activity types and subtypes. Thus it seems prudent to represent a greater disaggregation of activity types than is present in the current generation of activity scheduling models, in order to capture this heterogeneity.  There are significant correlations between the outcomes of planning decisions regarding activity location, planning time horizon, the incidence of activity modifications, and with whom. Activity scheduling models that treat these decisions as independent could more accurately reflect the correlations found in this analysis.
Further research would include:  Further analysis exploring differences among groups of activities defined not only by type but also by other characteristics, as suggested elsewhere in the literature.  Using random parameter probit (RPP) specification to test for preference heterogeneity in dichotomous choice responses.  Development and testing of a system of activity planning that is suitable to be incorporated within an operational activity scheduling microsimulation model such as TASHA. Such development could involve the direct incorporation of probit models similar to those developed in this paper, or could involve simpler refinements to the existing rule base to incorporate some of the insights attained in this exercise.
